Background: Psychiatric disorder (PsD) is rarely considered when evaluating perioperative risk factors. Studies on PsD are often limited by use of administrative coding, incomplete follow-up, and lack of preoperative data on psychopharmacological treatment. Methods: A multicenter study with prospective registration on preoperative comorbidity, complete 90-day follow-up, and information on dispensed prescriptions on psychopharmacological treatment (excluding benzodiazepines). All departments used similar fast-track approaches and discharge to home. Evaluation of postoperative morbidity was based on discharge records. Odds ratios for length of stay (LOS) more than 4 days and surgery-related readmissions were calculated using multiple logistic regression adjusting for potential confounders. Results: Of 8,757 procedures, 1,001 (11.4%) were in PsD patients. Of these, 43.4% used selective serotonin inhibitors (SSRIs), 31.6% used other antidepressants, 8.5% used a combination, and 16.5% used antipsychotics. PsD was associated with increased risk of LOS more than 4 days (16.5 vs. 7.3%; odds ratio, 1.90; 95% CI, 1.52 to 2.37), regardless of treatment with SSRIs (2.19; 1.62 to 2.97), other antidepressants (1.81; 1.25 to 2.61), or antipsychotics (1.90; 1.62 to 3.16). PsD was associated with increased 30-(9.9 vs. 5.1%; 1.93; 1.49 to 2.49) and 90-day surgery-related readmissions (12.8 vs. 7.4%; 1.68; 1.34 to 2.10), significant for SSRIs (1.97; 1.38 to 2.82 and 1.77; 1.29 to 2.43), other antidepressants (2.24; 1.51 to 3.32 and 1.82; 1.27 to 2.61), and antipsychotics (1.85; 1.03 to 3.31, 30 days only). In PsD patients, pain (1.4%), postoperative anemia (1.1%), and pulmonary complications (1.1%) were the most frequent causes of LOS more than 4 days. Hip displacements (2.8%) and falls (1.9%) were the most frequent readmissions, and 90-day surgery-related mortality was 0.7% with and 0.2% without PsD. Conclusions: Psychopharmacologically treated PsD is a risk factor for postoperative morbidity after fast-track arthroplasty, regardless of treatment type. This may be due to PsD per se and/or drug-related side effects.
C
URRENTLY, there has been much focus on preoperative risk factors and strategies for reduction of postoperative morbidity. 1, 2 In this context, excess morbidity and mortality have been found in patients with severe psychiatric disorders (PsDs) such as schizophrenia and bipolar depression in both surgical and nonsurgical cohorts. [3] [4] [5] [6] [7] This may be related to differences in lifestyle such as increased incidence of smoking or substance abuse and lower quality of health care, 8, 9 and similar results have been found in elderly people receiving psychopharmacological treatment for depression in primary care. 10 Consequently, there is increased focus on the potential side effects of specific psychopharmacological drugs, 6, 10, 11 with recent findings of an association between perioperative treatment with
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Psychiatric Disorder and Fast-track Joint Arthroplasty selective serotonin inhibitors (SSRIs) and increased risk of inhospital mortality and readmissions across a variety of surgical procedures. 12 In addition, long-term treatment with selective SSRIs may be associated with increased risk of gastric ulcer, 11 cardiac arrhythmias, 13 and brain hemorrhage 14 although the clinical relevance of these particular side effects is debatable. 14, 15 As most previous studies have used administrative and diagnostic coding when classifying psychiatric disease, 7, 12, 16, 17 and as detailed data on postoperative outcomes in these patients are scarce, further studies have been called for. 3, 6 In this context, overall morbidity and hospital length of stay (LOS) have been reduced by modern multimodal "enhanced recovery" or "fast-track" programs, 18, 19 but the role of PsDs and psychopharmacologic treatment in this setting is unknown.
Consequently, the objectives of this detailed study were to investigate the occurrence of an LOS more than 4 days, 30-and 90-day surgery-related readmissions, and mortality after fast-track hip and knee replacement in patients with preoperative pharmacological treatment for PsD and in relation to specific type of psychopharmacological treatment. Secondarily, we investigated the reasons for LOS more than 4 days and readmissions through review of discharge papers and medical records.
Materials and Methods
The Regional Ethics Committee waived the need for informed consent. Permission was acquired from the Danish National Board of Health, Copenhagen, Denmark, j.nr:3-3013-56/1/HKR and the Danish Data Protection Agency, Copenhagen, Denmark, j.nr: 2007-58-0015 to review and store patient records.
From 2010, all patients having total hip arthroplasty (THA) and total knee arthroplasty (TKA) at the participating orthopedic departments have completed a preoperative questionnaire on comorbidity-and patient-related factors, including whether they have mental disorders requiring psychopharmacological treatment (see Supplemental Digital Content 1, http://links.lww.com/ALN/B141, which lists the items on the questionnaire). Staff were available for completing the questionnaire which is subsequently entered into the Lundbeck Foundation Centre Database (LCDB). The LCDB has been established to facilitate studies on patient safety after fast-track THA and TKA with focus on both patient characteristics [20] [21] [22] and specific complications. 23 This is an ongoing effort with an increasing number of participating departments, intended to elucidate who and why the high-risk patient is at risk. 2 The LCDB is registered as a study registry on ClinicalTrials.gov ID: NCT01515670.
The current study analyzed prospectively collected data on preoperative patient characteristics in primary elective unilateral THA and TKA between January 2010 and November 2012 in seven departments reporting to the LCDB. All departments use similar standardized perioperative fast-track protocols, including spinal anesthesia, multimodal opioid-sparing analgesia, short-term thromboprophylaxis, early mobilization, functional discharge criteria, and discharge to own home. 23, 24 There are no selection criteria as to whether patients are included in the fast-track protocol as it is considered standard of care and all departments perform more than 400 procedures per year with a median LOS 2 to 3 days.
Detailed information on psychopharmacological treatment 6 months before and 3 months after surgery was acquired through the Danish National Database of Reimbursed Prescriptions (DNDRP). DNDRP collects information on all prescribed medication receiving reimbursement dispensed at any Danish pharmacy. 25 As psychopharmacological medication (excluding benzodiazepines) in Denmark was entitled to reimbursement during the study period, complete data on type (Anatomical Therapeutic Classification system), number of packs, pack size, and date of dispensing were available.
All prescriptions were evaluated to assure sufficient doses to include day of surgery assuming treatment according to guidelines from the Danish College of General Practitioners † and drug-specific recommended doses.
Patients with preoperative prescriptions on psychopharmacological treatment and sufficient doses to include or last beyond day of surgery were stratified according to treatment with SSRIs, other antidepressants, combination of SSRI and other antidepressants, and antipsychotics with/without antidepressants. Patients with no prescriptions and answering "no" to pharmacological treatment for PsD in the LCDB were used as controls.
Patients with insufficient doses to include day of surgery, postoperative prescriptions only, or no prescriptions in the DNDRP but answering "yes" to pharmacological treatment for PsD in the LCDB were categorized as "potential" PsD and analyzed separately. The few patients with incomplete answers on PsD in the LCDB and no prescriptions in the DNDRP were excluded from the study (0.5%).
Information on index hospitalization and 90-day followup on readmissions was acquired through the Danish National Patient Registry, thus insuring complete follow-up on readmissions regardless of hospital location. 26 LOS was calculated as postoperative nights spent in hospital, including transfer to other wards. Based on previous findings of a median LOS of 3 days, 20 we defined an LOS of more than 4 days as "prolonged," in which case the patient's discharge papers were reviewed with regard to postoperative complications. All readmissions with overnight hospital stay were reviewed with regard to relevance to index surgery using patient discharge papers and following a previously published definition of readmissions potentially related to surgery. 20 In case of doubts, the entire medical file was reviewed. 
PERIOPERATIVE MEDICINE
obviously unrelated to index surgery (i.e., eye surgery, admissions due to newly discovered cancer) were excluded. Causes of LOS more than 4 days and readmissions were grouped into the following categories: related to the surgical procedure (complications due to regional anesthesia, periprosthetic fractures, hematomas, prosthesis malfunction, etc.), prosthesis infections (including both deep and superficial infections), pulmonary (pneumonias, respiratory insufficiency, worsening of chronic obstructive pulmonary disease with/without antibiotic treatment [without antibiotic treatment included within 30 days after surgery only]), cardiac (verified myocardial infarctions, arrhythmias, cardiac insufficiency, unspecific chest pain, or electrocardiographic changes requiring observation for myocardial infarction but with no conclusive diagnosis at discharge), cerebral (postoperative delirium, cerebral stroke, and transient ischemic attack), venous thromboembolic events (deep venous thrombosis and pulmonary embolism), anemia, problems with mobilization or medication side effects, falls, hip displacements, knee manipulations, pain, and other morbidity (any complications not fitting the above). If the discharge papers described a successful fast-track procedure with no mention of postoperative morbidity, they were classified as "no registered morbidity." Any case of in-hospital mortality was evaluated using the complete medical record, and if mortality occurred outside the hospital, the patient's general practitioner was contacted, and the death certificate was reviewed. Review of patient records was performed by the first author, and in case of doubts, the decision on surgical relevance or category of morbidity was made by the first and senior author together.
Outcomes
Primary study outcomes were differences in fraction of procedures with LOS more than 4 days, 30-and 90-day surgery-related readmissions, and mortality in patients with and without pharmacologically treated PsD and according to type of psychopharmacological treatment.
Secondary outcomes were analyses of the different causes of postoperative morbidity resulting in either LOS more than 4 days or surgery-related readmissions. A main reason for LOS more than 4 days or surgery-related readmission was designated in each case (see table, Supplemental Digital Content 2, http://links.lww.com/ALN/B142, which provides details about cause of LOS >4 days and surgery-related readmissions).
Statistics and Sample Size Considerations
No a priori power calculation was performed as current studies are conflicting. However, considering that approximately 1 in 12 Danish citizens (including children) had redeemed a prescription on antidepressants in 2011, ‡ we expected that at least 10% of our patient sample would fit our definition of PsD. At the time of analysis, this would correspond to a minimum of 900 patients which should provide a robust estimate of any clinically relevant effect of PsD on postoperative outcomes.
Data were analyzed for normality distribution using Kolmogorov-Smirnoff test. Comparisons of continuous data were made using Mann-Whitney U test and t test; for categorical data, chi-square test or Fisher exact test were used as appropriate. Multivariable logistic regression was used to adjust for known or suspected confounders. These medical comorbidities or lifestyle-related factors were selected a priori from comorbidities know to be more common in patients with PsD (smoking, alcohol use >2 drinks per day, body mass index [BMI] , and diabetes) 27 or previously shown to influence postoperative outcome in fast-track THA and TKA (age, preoperative use of walking aids, living alone, cardiovascular disease, pulmonary disease, and preoperative anemia as defined by the World Health Organization). 20, 21 Age was categorized into groups starting at less than 50 ending at more than 85 and using 66 to 70 yr as reference, and BMI was divided according to the World Health Organization definitions and using a BMI of 18.5 to 24.9 as reference. Finally, we included department of surgery as a random effect. We tested for relevant interactions using the Wald statistic in separate models. Model fit was evaluated using Nagelkerke R 2 and Hosmer-Lemshow statistics. We also conducted two separate analyzes using a propensitymatched dataset. 28 Matching of PsD and controls was done using a 1:1 greedy matching algorithm with a propensity score caliper of 0.2. Analysis was done using multiple logistic regression both with and without adjusting for baseline characteristics and taking into account the matched nature of the data. 29 Finally, we did a sensitivity analysis of potential influence of residual confounding using proposed imbalanced unmeasured covariates with an odds ratio (OR) of 2.0 and 1.1, respectively. 30 Results of multiple logistic regression analysis are presented as ORs with 95% CIs, and a two-sided P value of 0.05 or less considered significant.
In case of patients with multiple surgery-related readmissions, we included all readmissions with different causes, but only the first readmission if due to the same cause (i.e., a patient with multiple readmissions due to infection would only be counted once). For comparisons of causes of morbidity, a P value of less than 0.004 was considered significant to adjust for multiple comparisons (Bonferroni). Analysis was done in SPSS v. 20 (IBM Corporation, USA). 
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SSRIs and other antidepressants, and 165 (16.5%) used antipsychotics either alone or in combination with SSRIs or other antidepressants. Patients with PsD were more often female, living alone, had preoperative use of walking aids, and smoked than those without PsD. A larger fraction had preoperative anemia, pharmacologically treated cardiovascular or pulmonary disease, and diabetes (table 1) . In all departments, patients with PsD constituted between 9.6 and 14.5% of all procedures.
Median LOS for the whole population was 2 days (interquartile range, 2 to 3), but the fraction of patients with LOS more than 4 days was higher in those with PsD (16.5% CI, 14.3 to 18.9 vs. 7.3% CI, 6.7 to 7.9; P < 0.001) ( fig. 2) , partly due to a larger fraction of procedures with LOS more than 4, but without registration of specific postoperative morbidity (6.0 vs. 2.8%; P < 0.01). Postoperative pain was the most common specific cause of morbidity resulting in LOS more than 4 days in PsD patients (1.4%, followed by postoperative anemia (1.1%) and pulmonary complications (1.1%). All were significantly increased compared with those without PsD ( fig. 3A) .
Thirty-and 90-day surgery-related readmission rates were 5.9 and 8.3%, respectively, but with more readmissions in patients with than without PsD at both 30-day (9.9 vs. 5.1%) and 90-day follow-up (12.8 vs. 7.4%) (P < 0.001) ( fig. 2) . When considering specific causes of surgery-related readmissions, hip displacements (2.8% of THA), falls (1.9%), and prosthesis infections (1.8%) were the most frequent reasons for 90-day surgery-related readmissions in PsD patients. The increase was significant for falls (0.5%; P < 0.001) but not for infections (1.1%; P = 0.047) or hip displacements (1.5%; P = 0.050) compared with non-PsD patients (Bonferroni corrected) ( fig. 3B) .
After adjusting for potential confounders and department of surgery, PsD patients had an overall increased risk In the subanalysis of psychopharmacological treatment, this remained significant with SSRI and other antidepressants, but not for 90-day surgery-related readmissions with antipsychotics or at all for combination treatment (table 2) .
Of the 8,757 procedures, there were 32 (0.4%) deaths within 90 days. Eight of these were of causes considered unrelated to surgery (cancer and gastrointestinal morbidity >30 days postoperatively) and three (one in a patient using SSRIs) were in their own home of unknown causes between days 19 and 85 after surgery. Thus, of the 21 (0.2%) deaths confirmed to be related to index THA/TKA, 7 (0.7%) were in patients with and 14 (0.2%) were in patients without PsD (unadjusted OR, 3.74; CI, 1.50 to 9.28; P = 0.005). Three of the seven patients were in the SSRI group (two due to respiratory insufficiency and one due to cerebral hemorrhage), two in the other antidepressants group (one pulmonary embolism and one due to renal failure), and one in both the SSRI and other antidepressants and antipsychotics group, due to respiratory insufficiency and pulmonary embolism, respectively.
Patients with "Potential" PsD
The 355 patients with "potential" PsD had similar preoperative characteristics to PsD patients (table 1). The fraction of procedures with LOS more than 4 days (17.1%) and with 30-day (8.2%) and 90-day (12.6%) surgery-related readmission were also similar to PsD patients ( fig. 2 ) and remained All comparisons are vs. "no PsD." BMI = body mass index; IQR = interquartile range; PsD = psychiatric disorder index; THA = total hip arthroplasty.
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significantly increased compared with patients without PsD in the adjusted analysis (table 2) . In contrast to procedures in patients with PsD, problems with medication side effects and mobilization (2.5%) was the most frequent specific cause of LOS more than 4 days. The fraction of procedures with LOS more than 4 days due to pain with no registered morbidity was similar to in PsD patients ( fig. 3A) . We also found that prosthesis infections (2.0) and falls (1.1%) were frequent causes of 90-day surgery-related readmissions in the "potential" PsD group ( fig. 3B ). There were no deaths in the "potential" PsD group.
Propensity-matched Data and Sensitivity Analysis
Successful propensity match was done in 901 PsD patients with a difference in propensity score between matches 0.01 or less (see table, Supplemental Digital Content 3, http:// links.lww.com/ALN/B143, for patient characteristics in the propensity-matched dataset). The OR for all outcomes remained significantly increased for PsD, and the results were generally similar to the total cohort (table 3) . There were eight surgically related deaths in the matched dataset, of which seven were in PsD patients.
When assessing sensitivity to unmeasured confounding, we found that a confounder with OR of 1.1 would have been unable to negate the association between PsD and LOS more than 4 days or readmissions. When assuming an OR of 2.0, the confounder would have to be present in twice as many PsD patients regarding LOS more than 4 days and in approximately 30% more PsD than non-PsD patients regarding surgery-related readmissions (please see Supplemental Digital Content 4, http://links.lww.com/ALN/ B144, for complete results on sensitivity analyzes).
Discussion
This large prospective detailed cohort study with complete 90-day follow-up reveals for the first time information on postoperative outcomes after fast-track THA and TKA in patients with pharmacologically treated PsD. The most important finding was that risk of LOS more than 4 days and surgery-related readmissions were almost doubled in patients with PsD and remained so after adjusting for various established confounders. Second, this association appeared not to 
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be specifically related to the type of psychopharmacological treatment (SSRIs, other antidepressants, and antipsychotics).
An increase in LOS has previously been found in patients with diagnostic codes on depression after joint arthroplasty. However, the actual increase was minimal (4.0 vs. 3.9 days), 17 and in contrast to our findings of increased surgically related mortality (albeit unadjusted for confounders due to limited numbers) and readmissions, they found fewer major complications and decreased in-hospital mortality. Our results are also in contrast to a recent study finding no association between preoperative use of antidepressants and LOS after elective noncardiac surgery. However, this study was a secondary analysis of mixed surgical procedures which did not account for specific preoperative differences in baseline characteristics and included much fewer patients. 31 The recorded reasons for LOS more than 4 days in our study were mainly pain, postoperative anemia, and "unspecific" causes. It is well known that the psychological profile has influence on postoperative pain 32 and, therefore, not surprising that pain management may have been more difficult in these patients. That a larger fraction of patients with PsD had LOS more than 4 days or required readmissions because of anemia could support the reports of increased risk of postoperative bleeding due to impaired platelet aggregation and thrombocyte function caused by SSRIs. 11, 12, 33 However, PsD patients often had preoperative anemia, which in itself The number of patients included in analysis differs from the total number of patients due to missing data. All covariates were defined a priori. * The stratified analysis was adjusted for the above confounders but excluding the "potential PsD patients." † Patients without PsD used as reference. BMI = body mass index; LOS = length of stay; OR = odds ratio; PsD = psychiatric disorder; SSRI = selective serotonin inhibitor; THA = total hip arthroplasty; TKA = total knee arthroplasty. Jørgensen et al.
Psychiatric Disorder and Fast-track Joint Arthroplasty increases both the need for transfusions and postoperative morbidity after fast-track THA and TKA. 21 Unfortunately, we have no information on whether the preoperative anemia was caused by psychopharmacological treatment or other underlying disease, and analysis on specific causes of morbidity according to psychopharmacological treatment was not possible due to limited numbers.
The demonstrated high surgery-related readmission rate in patients with PsD may partly be due to differences in patient-perceived outcomes, 34 but the most common causes of readmissions were falls, hip displacements, and infections. In a smaller cohort, we have previously reported a detailed analysis on postoperative falls and also demonstrated an association with PsD. 35 This may be influenced by the effect of specific types of psychopharmacological treatment, 10, 36 as well as unhealthy lifestyle and decreased physical performance. 37, 38 Consequently, a potential way to reduce postoperative morbidity in PsD patients may through increased focus on fall-prevention techniques.
Mortality in PsD patients due to surgery-related causes was higher than in those without (0.7 vs. 0.2%) although adjustments for confounders were not possible due to limited numbers. It is well documented that patients with severe PsDs have decreased life expectancy due to early death of both natural and unnatural causes, 4, 5 but the association with surgery-related mortality is not well described. A previous study found increased 30-day mortality in patients with diagnostic codes for psychiatric illness, having respiratory and digestive but not musculoskeletal procedures. However, the study was based on an administrative claims database in a selected population and with a relatively small fraction of musculoskeletal procedures. 16 The patients with prescriptions on psychopharmacological drugs after surgery, not enough doses for day of surgery, or answering "yes" to PsD in the LCDB but without prescriptions, had similar preoperative characteristics and postoperative outcomes as the PsD group. Considering recent findings of no effect of preoperative SSRI treatment on postoperative morbidity and mortality in nondepressed patients having coronary artery bypass, 39 the similarity between the PsD and "potential PsD" groups could suggest that the increased postoperative morbidity may be related rather to the PsD than medical side effects. Unfortunately, we have no data on the clinical severity and characteristics of PsD in our population to confirm this assumption.
Finally, it may be argued that as our study is in a welldefined elective surgical cohort considered "fit for surgery," the severity of PsD and related comorbidity may be less than in studies of acute surgical procedures or in the general population. Nevertheless, we found a clinically relevant association between PsD and postoperative morbidity, apparently independent of type of psychopharmacological treatment. Thus, our findings support the previous calls for further research before institution of preoperative cessation of specific types of psychopharmacological drugs. 6 Our study does have some caveats, primarily the lack of data on the indication for psychopharmacological treatment, the actual prescribed daily doses, and patient compliance after buying the medication. However, the similarity between the PsD and the "potential" PsD groups suggests that any "misplacements" would have minimal influence on our results. Despite a minority of these drugs may have had other indications (i.e., chronic pain), the majority are prescribed for PsD. 40 Furthermore, the individual review of prescriptions likely further reduced the risk of including patients with other indications for treatment in the PsD group. Another limitation is the lack of information on anxiolytic treatment, but these data were unavailable due to removal of reimbursements on benzodiazepines in Denmark and consequently insufficient registration in the DNDRP. This may be particularly important with regard to mortality, where an association with benzodiazepine use has been found in patients with schizophrenia. 41 Regarding the classification on causes of LOS more than 4 days and readmissions, these depended mainly on discharge notes, and insufficient or missing information would lead to these data being less robust. However, we believe our attempt at classifying the causes of LOS more than 4 days and surgery-related readmissions is necessary to identify future areas of improvement and is preferable to using diagnostic codes. 42, 43 Finally, although we adjusted for a large number of relevant preoperative characteristics, there remains the risk of unmeasured confounding and underreporting of smoking and alcohol use. In this context, it must also be mentioned that we have based our choice of covariates partly on previous studies using some of the same patients, thereby introducing the risk of a type-I error. However, the estimates for the included confounders in the multiple logistic regression analyses were similar to those we have previously reported in studies with smaller sample sizes and fewer cofounders, 20, 22 suggesting that these preoperative data are robust with regard to our outcomes.
The strengths of our study include a large prospective sample of unselected patients with a standardized perioperative setup and complete detailed 90-day follow-up through the Danish National Patient Registry and patient records. 26 Furthermore, previous studies have often defined PsD using administrative and diagnostic coding. 4, 12, 16, 17 In contrast, we used a prospective questionnaire, which, although introducing a risk of reporting bias, in combination with the DNDRP allowed a more well-defined PsD population. Such study designs have been suggested for providing solid "reallife" data not readily available in a randomized controlled trial. 42, 44, 45 In conclusion, patients with PsD requiring psychopharmacological treatment have increased postoperative morbidity after fast-track THA and TKA. Whether this is due to the underlying psychiatric disease or is related to specific psychopharmacological side effects is uncertain. Consequently, further multidisciplinary studies of the pathophysiological mechanisms are needed to direct the focus of future interventional strategies.
